Dextran sulfate is semi-synthetic, polydisperse sulfated polysaccharide with important applications in clinical practice, in the manufacturing of plasma derived protein therapeutics and in biomedical research. The sensitive detection of dextran sulfate is relevant to preclinical and clinical drug development projects, the quality control of pharmaceutic formulations, and the process control in plasma fractionation using dextran sulfate modified chromatographic columns. Most analytical methods for the sensitive detection of dextran sulfate require multistep protcols and have not been transferred into commercial formats. We describe here the direct quantification of dextran sulfate using the commercially available molecular probe Heparin Red, by a simple mix-and-read fluorescence assay. With a sensitive benchtop fluorimeter, a quantification limit of 310 pg/mL dextran sulfate is achieved. This is superior by at least one order of magnitude to the quantification or detection limit of other reported methods. The outstanding simplicity and sensitivity establish Heparin Red as a new analytical tool for the determination of dextran sulfate.
Introduction

Dextran sulfate structure and applications
Dextran sulfate is semi-synthetic complex polysaccharide. It is prepared by chemical sulfation of dextran, a natural, polydisperse polysaccharide consisiting of a linear backbone of α(1,6) linked glucose monomers (scheme 1, left) that may have branches of smaller chains linked to the backbone by α(1,2), α(1,3) or α(1,4) glycosidic bonds.
Dextran sulfate has important clinical applications. Dextran sulfate-cellulose columns are used as sorbents in blood purification therapies such as removal of low density lipoproteins (LDL apheresis) [1] to treat familial hypercholesterolemia, or of anti-DNA antibodies to treat systemic lupus erythematosus. Low molecular weight dextran sulfate (MW ≈5000 Dalton) has been granted orphan drug designation for mobilization of stem cells from the bone marrow prior to transplantation of hematopoetic stem cells, as well as for pancreatic islet cell transplantation [2] . In experimental nanomedicine, dextran sulfate is a key component of drug delivery systems [3, 4] . Dextran sulfate suppresses the effect of amyloid beta on synaptic disfunction and was suggested as a candidate for treatment of Alzheimer's disease [5] . High molecular weight dextran sulfate has inflammogenic properties and is commonly used to induce colitis in mouse models [6] . Dextran sulfate modified chromotagraphic columns are applied in plasma fractionation processes for the isolation of therapeutic plasma proteins, including Factor VIII, factor IX and mannose-binding lectin [7] .
Methods for the quantification of dextran sulfate
The sensitive detection of dextran sulfate is relevant to preclinical and clinical drug development projects, the quality control of pharmaceutic formulations, and the process control of plasma fractionation, to ensure that products are free of dextrane sulfate traces. Most of the assays described for the quantification of dextran sulfate (examples see table 1) require multistep protocols and/or challenging instrument calibration. Testing with the more recently developed resonance rayleigh scattering and potentiometric membrane methods is relatively simple, although in the latter the user has to prepare the potentiometric sensors for single use.
Quantification Method
Matrix
Detection limit (ng/mL)
Ref.
Competitive binding assay plasma 1000 [8] Size exclusion HPLC + postcolumn photometry (dimethyl methylene blue) serum 300 [9] Resonance Rayleigh scattering of crystal violet complex buffer 13 a) [10] Strong ion exchange HPLC + postcolumn photometry (diemthyl methylene blue) protein solution 300 [11] Potentiometric membrane electrode NaCl solution 760 [12] ELISA buffer 3 b) [13] Given by the provider as lower limit of measureable range for high molecular weight dextran sulfate. 
Quantification of sulfated polysaccharides with the fluorescent probe Heparin Red
We describe here the application of the fluorescent probe "Heparin Red" to the determination of dextran sulfate. Heparin Red has been initially described as an experimental probe for heparin detection [14] and meanwhile developed further into commercially available assays [15] for the detection of sulfated polysaccharides in various matrices, including unfractioned and low-molecular weight heparins [16, 17] , chemically modified heparins [16], heparan sulfate [18] and fucoidans [19] . Heparin Red is a polyamine derivative of a red-emissive perylene diimide fluorophore (scheme 1, right). It forms a supramolecular complex with the target, with aggregation of the probe molecules at the heparin template and contact quenching of fluorescence (scheme 2). The strong binding of the polycationic probe to polyanionic heparin appears to be controlled by both electrostatic and aromatic pi-stacking interactions [20] . In this contribution, we describe for the first time the application of the commercial reagent Heparin Red to the highly sensitive, direct quantification of dextran sulfate by a simple mixand-read cuvette assay. 
Materials and Methods
Instrumentation
Results and discussion
Detection of dextran sulfate in aqueous matrix
Selected properties of the dextran sulfate sample applied in this study are listed in table 2.
Average mol. 
Quantification limit
The quantification limit of the method (LOQ) was determined based on signal-to-noise [22] , 
Conclusion
The sensitive quantification of dextran sulfate, a semi-synthetic sulfated polysaccharide, is relevant to clinical practice, the manufacturing of plasma derived protein therapeutics and to biomedical research. Current analytical methods often require multistep protocols and have quantification or detection limits in the ng/mL range. We describe here a simple mix-and-read fluorescence assay for the determination of dextran sulfate with a quantification limit in the pg/mL range. The outstanding simplicity and sensitivity of the assay establish the fluorescent probe Heparin Red as a new tool for the quantification of dextran sulfate.
